This brief review attempts to summarise important basic concepts of sodium metabolism including sodium ion distribution, sodium balance and the renal regulation of sodiztm excretion. Finally, an attempt has been made to relate these basic concepts to the mechanisms and management of common clinical situations of abnormal salt balance.
CONTENT AND DISTRIBUTION
Sodium is the major extracellular cation, which, in normal man is maintained within a relatively narrow concentration range of approximately 135-145 mmol per litre of extracellular fluid. The total body sodium content of an average size healthy male subject (70 kg) is of the order of 4000 mmol. Assuming that the extracellular fluid (interstitial + plasma water) represents approximately 20% of total body weight, it can be calculated that 2000 mmol or about 50% of total body sodium content exists in the extracellular compartment. Of the remainder, 40-45% is found in bone with only about 5-10% occurring intracellularly. Since the intracellular space represents by far the largest fluid compartment within the body, the sodium concentration per litre of intracellular water is relatively low. Thus the sodium concentration in muscle cells is approximately 3-4 mmol/litre of cell water, the major intracellular cation being potassium which is present in a concentration of approximately 150 mmol per litre. It should be noted however, that intracellular sodium concentration varies considerably between different tissues. Red blood cells, for example, have an intracellular sodium concentration as high as 20 mmol/litre due to association of the sodium ion with the haemoglobinate anion.
Low intracellular sodium concentrations (and high intracellular potassium concentrations) are maintained by an active ion pump at the level of the cell membrane. This pump is believed to be non-electrogenic, serving only to provide a tightly coupled sodium-potassium exchange across the cell membrane. Electrophysiological studies indicate however, that a large potential difference (PD) of approximately -90m V, cell interior negative, normally exists across the mammalion cell membrane. This large transmembrane PD is thought to arise as the result of passive diffusion of potassium ions down the large potassium concentration gradient which exists between intracellular and extracellular fluids such an explanation assumes that the cell membrane has a much higher permeability for potassium than for sodium ions.
Total body sodium content can be estimated in the living subject by determining the dilution of an administered dose of radioactive sodium, e.g. Na 22 • This technique actually measures exchangeable sodium which represents only about 70% of total body sodium. Exchangeable sodium comprises extracellular sodium, intracellular sodium and rather less than half of the total bone sodium.
The non-exchangeable sodium pool is principally skeletal sodium which is adsorbed onto the surface of hydroxyapatite crystals deep within dense bone substance.
SODIUM AND THE EXTRACELLULAR SPACE
The normal osmolality of both intracellular and extracellular fluid is 285-295 mOsm/Kg of water. Since sodium is the predominant extracellular cation, sodium salts account for the major portion, approximately 86% of extracellular fluid osmolality. In contrast, potassium salts account for the major portion of intracellular osmolality. Changes in osmolality of the extracellular compartment are accom-panied by similar changes in osmolality of the intracellular compartment due principally to water movement across cell membranes. Thus, when a large volume of pure water is administered to a subject, the water distributes throughout both intracellular and extracellular compartments, diluting the solute content of these compartments to the same degree and thus maintaining equal osmolality on either side of the cell membrane. Since intracellular fluid represents a much larger percentage of total body water than extracellular fluid, only small increases in extracellular volume will occur relative to the total amount of water administered. On the other hand, administration of hypertonic saline produces rapid expansion of extracellular volume because the administered sodium remains extracellular, thereby increasing extracellular fluid osmolality which draws water from the intracellular space in order to maintain equal osmolality across the cell membrane. Extracellular volume is thus expanded while intracellular volume decreases.
Removal of solute (e.g. glucose) from the extracellular fluid without equivalent loss of water leads to a reduction in extracellular tonicity and a transfer of water from the extracellular to the intracellular compartment. Extracellular volume thus decreases while intracellular volume increases with the development of cell swelling.
Loss of water from the body without accompanying solute leads to volume reduction in both intracellular and extracellular compartments.
It should be noted that extracellular sodium loss may be partly replaced by movement of sodium from other areas of the exchangeable pool such as bone.
INTERSTITIAL vs PLASMA SODIl;l\1
The extracellular space may be subdivided into the intravascular compartment and the extravascular or interstitial compartment. Water and simple ions are able to move freely across the capillary walls separating these two compartments. The ionic composition of the fluid in these two compartments is not absolutely identical, however, because of (a) a difference in protein concentration between intravascular and interstitial fluid and (b) the Gibbs-Donnan effect.
Plasma Solid Effect
Protein normally occupies about 6% of plasma volume so that 100 ml of plCL'ima contains only 94, ml of water. In the interstitial fluid, however, protein concentration is low, representing less than 1 % of total interstitial volume. Since measurable ions are basically dissolved in the aqueous phase of body fluids and since there is less water per unit volume of whole plasma than per unit volume of interstitial fluid, it follows that the measured sodium concentration per litre of plasma should be significantly lower than the sodium concentration per litre of interstitial fluid. While this deduction is correct, in-vivo measurements indicate that sodium concentration is virtuallv identical in plasma and interstitial fluid. "This can be explained by the Gibbs-Donnan effect.
Gibbs-Donnan Effect
Protein represents a non-diffusible anion, which is present in the plasma but not in the interstitial fluid. Because of this, basic physicochemical principles demand that the diffusible ions must distribute unequally on either side of the capillary wall in order that total cations equal total anions on each side. Furthermore, on the side containing the non-diffusible anion (protein), the concentration of diffusible anions must be less and the concentration of diffusible cations must be greater than on the side containing no protein. (The Gibbs-Donnan rule actually states that under equilibrium conditions, the product of the concentrations of any pair of diffusible cations and anions on one side of a membrane will equal the product of the same pair of ions on the other side.) This means that the diffusible anions such as chloride must be in lower concentration in plasma water than in interstitial fluid, while diffusible cations such as sodium must be in higher concentration in plasma water than in the interstitial fluid. Under normal circumstances, sodium concentration in plasma water is 6-7 mmol/litre higher than in interstitial fluid. However, sodium concentration expressed as mmol per litre of plasma (rather than per litre of plasma water) is very similar to interstitial fluid sodium concentration due to the effect of plasma solids as discussed above.
SODIUM BALANCE
The average dietary sodium intake for an Australian male is approximately 150 mmol. There is, however, a marked individual variation with many people regularly ingesting more than 200 mmol per 24 hours. In the absence of diarrhoea, vomiting or intestinal fistulae, most of the ingested sodium is absorbed from the intestine with only small amounts, approximately 6 mmol per day, being lost in the faeces. To maintain total body sodium balance, an amount of sodium almost equal to that ingested and absorbed from the intestine must be excreted in the urine each day. Thus a normal adult ingesting a regular 150 mmol of sodium daily will excrete in the urine approximately 150 mmol of sodium per day. A small difference between intake and output will normally exist due to sweat and faecal losses. The kidney possesses an enormous capacity to adjust to large variations in sodium intake in order to preserve total body sodium balance. Under conditions of extreme salt deprivation or nonrenal losses of sodium, the normal kidney may reduce urinary sodium concentration to as low as 1 mmol per litre. In contrast, increases in salt intake are rapidly met by increases in urinary sodium excretion.
Since renal adjustment to large fluctuations in salt intake is not an immediate phenomenon, total body sodium balance may not be perfectly preserved. If a subject ingesting a regular 100 mmol of sodium is suddenly reduced to an intake of 10 mmol daily, urinary sodium excretion will progressively fall to reach 10 mmol per day after 3-5 days. In the period preceding achievement of this new steady state sodium excretion rate of 10 mmol daily, the subject will excrete more sodium than his daily intake and will therefore suffer a mild total body sodium deficit. The magnitude of this deficit is unlikely to be of any significance to the subject with normal renal and adrenal function.
Patients with significantly impaired renal function, however, are unable to adjust urinary sodium excretion to match reduced intake as rapidly and efficiently as normal subjects and may therefore lose large amounts of sodium in the adjustment period. A large total body sodium deficit may result producing symptoms of total body sodium depletion such as postural hypotension, cramps, nausea and vomiting. It has been demonstrated previously that patients with renal disease and markedly reduced glomerular filtration rate are unable to reduce urinary sodium concentration below 12-15 mmol per litre, even when placed on an extremely sodium-restricted diet, e.g. 10 mmol daily (Coleman, Arias and Carter 1966) . Patients with renal disease on such a diet would thus be expected to slowly and chronically "leak" sodium into the urine and become symptomatically salt-depleted. Recently, however, Danovitch, Bourgoignie and Bricker (1977) have shown that patients with poor renal function can achieve urinary sodium concentrations as low as 3·5 mmol per litre if their sodium intake is slowly reduced in step-wise fashion from a high to a low level.
It is fashionable in many medical centres to perform a random 24 hour urinary sodium estimation as a "routine" renal function test. This represents, in general, a useless timeconsuming and costly exercise. Worse still, results are frequently misinterpreted as indicating a "salt-losing" or "salt-retaining" state according to the finding of a high or low sodium excretion. Sodium excretion only becomes meaningful when it is related to sodium intake, and, even then, only when sodium intake is constant from day to day. Random measurements of urinary sodium concentration may sometimes be useful, as, for example, in an oliguric patient or a patient in whom salt depletion is suspected. The finding of a low urinary sodium concentration in these situations would help to confirm the suspicion of a low perfusion state. Even so, one must be aware of the possibility of misleading results by contaminating factors such as the recent administration of a diuretic producing a relatively high urinary sodium concentration despite a preexistent state of salt depletion.
RENAL REGULATION OF SODIUM EXCRETION
Despite extensive research, the mechanisms by which the kidney adjusts sodium excretion in response to variations in sodium load remain largely unknown, or, at best, theoretical. The precise nature and site of the receptors which detect variations in body sodium content, the pathways by which signals from these receptors are conveyed to the kidneys and the way in which the kidneys respond to these signals are still undefined.
Receptors.-Changes in sodium chloride content of the body are reflected by changes in extracellular volume. It is likely that a number of different receptors throughout the body operate to detect both small and large changes in extracellular volume. The best defined of these receptors is the carotid sinus which senses variations in distending pressure in the large arteries. Stimulation of the carotid sinus by decreased distending pressure secondary to reduced extracellular volume results in increased activity of the sympathetic nervous system which in turn produces increased cardiac output, vasoconstriction of peripheral arterioles particularly in skin, splanchnic bed and kidneys, and mild venoconstriction. The renin-angiotensin mechanism is also stimulated under such circumstances. Changes in intrarenal vascular tone resulting from variations in sympathetic activity and the renin-angiotensin mechanism may thus help to regulate renal sodium excretion.
A number of other important "volume" receptor sites have been proposed including the right atrium, left atrium, junction of carotid and thyroid arteries and the juxta-glomerular apparatus.
Renal Response.-Three major factors have been identified as being potentially important in controlling renal sodium excretion.
First Factor: Glomerular Filtration Rate (G F R)
Experimental manipulation of GFR can produce considerable variation in urinary sodium output. For example, if GFR is reduced in an experimental animal by suprarenal aortic constriction, urinary sodium output will fall below control values. If, however, the same animal is subsequently given a large salt load intravenously while GFR is maintained at low levels by continuing aortic constriction, an impressive natriuresis ensues. Thus variations in GFR cannot account fully for the regulation of sodium excretion.
Second Factor: Aldosterone-Distal Tubule
In states of reduced extracellular volume, aldosterone secretion rate is increased whereas in physiological states of increased extracellular volume, aldosterone secretion rate is decreased. Aldosterone regulates sodium reabsorption at the level of the distal nephron, probably in the cortical and medullary collecting duct. Although the aldostelOne-distal tubule mechanism appears to be important in fine regulation of sodium balance and excretion, it cannot account for total regulation ~ince healthy subjects or experimental animals given a high salt intake plus large doses of exogenous mineralocorticoids can rapidly overcome the salt-retaining properties of the administered mineralocorticoids and soon excrete a salt load equivalent to the salt intake. This is the so-called "mineralocorticoid-escape " phenomenon. Such subjects develop a mild degree of volume expansion before " escape" occurs and a new steady state of sodium balance is achieved. However, the volume expansion is never severe enough to produce clinical oedema. Similarly, patients with uncomplicated primary hyperaldosteronism (Conn's syndrome) do not become oedematous. " Escape" occurs because of the presence of an all important third factor controlling sodium excretion and hence sodium balance.
Third Factor:
That a third factor operates in the precise regulation of sodium balance is undisputed. Its precise nature, however, is totally unknown. The strong possibility exists that " third factor" is actually a series of different factors rather than a single entity. A popular notion is that the third factor is a hormonal-like substance, the so-called Natriuretic Hormone (Bourgoignie et al. 1972, Clarkson, Raw and De Wardener 1976) , but the exact nature and origin of such a hormone remains obscure.
Furthermore, the exact site of action of this substance within the kidney is uncertain. Inhibition of sodium transport in both the proximal tubule and cortical collecting tubule of the mammalian kidney by a natriuretic substance obtained from patients with chronic uraemia has been demonstrated (\/i/eber, Bourgoignie and Bricker ] 974, Fine et al. 1976) . It certainly appears that natriuretic substances are present in plasma and urine samples from human subjects and animals undergoing a natriuresis or with chronic uraemia, but the importance of these substances in controlling overall sodium balance is yet to be elucidated.
A recent concept ascribes great importance to "physical factors" in controlling sodium reabsorption in the proximal convoluted tubule. Brenner and co-workers (Brenner et al. 1969 , Brenner and Troy 1971 , Brenner, Troy and Daugharty 1971 ) have accumulated much experimental evidence to suggest that the oncotic (colloid osmotic) pressure in the peritubular capillaries surrounding the proximal tubule controls net proximal sodium and water reabsorption. Current theory proposes that sodium is reabsorbed from the proximal tubule by a 3 step process. First sodium ions diffuse passively from tubular lumen into the proximal tubule cells. Second, the ions are pumped out of the cells into the basal and lateral intercellular spaces between cells. Chloride and water follow passively, the latter in response to the local hypertonicity which is generated within the intercellular spaces. The fluid in these spaces is thereby rendered isotonic again. Third, a portion of this isotonic fluid passes into the peritubular capillaries while the remainder "leaks" back into the tubular lumen, presumably via the so-called "tight junctions" which exist between the apical aspects of the tubular epithelial cells. Net proximal sodium and water reabsorption thus equals the total volume of isotonic reabsorbate formed within the intercellular A naeslhesia and I nten.,ive Care, Vol. V, No. 4, November, 1977 spaces minus the volume of this reabsorbate which back-diffuses into the tubular lumen. The elegant micropuncture experiments of Brenner and associates would suggest that the higher the protein concentration and hence oncotic pressure in the pelitubular capillary blood, the greater the driving force for movement of fluid out of the intercellular spaces into the peritubular capillaries, with consequent increases in net proximal sodium and water reabsorption. Lowering the peritubular oncotic pressure, as might occur during saline infusion, should theoretically result in decreased net proximal reabsorption (Brenner, Troy and Daugharty 1971 ). An increase. in filtrat~on fraction, as occurs frequently In congestIve cardiac failure should increase peritubular plasma protein concentration and result in incre~ed net proximal sodium and water reabsorptIOn. This mechanism might thus explain the excessive salt and water retention and oedema formation seen in cardiac failure.
Clearly, the peritubular on~otic ~ressure is ~ot the only "physical factor whICh could Influence next proximal sodium reabsorption. The hydrostatic pressure difference across the peritubular capillary wall should also be of importance with reabsorption being theoretically enhanced by low capillary hydrostatic pressur~s and diminished by high capillary hydrostatIc pressures (Selkurt 1951 , Selkurt, Womack and Dailey 1965 , Earley, Martino and Friedler 1966 , Martino and Earley 1968 , Falchuk et al. 1972 . Furthermore, the rate of blood flow in the peritubular capillaries must be considered. A low rate of blood flow, theoretically, should permit earlier dilution of the peritubular blood by reabsorbate and hence earlier decreases in peritubular oncotic pressure, thereby tending to reduce overall net sodium and water reabsorption along the length of the proximal tubule. With a high rate of peritubular blood flow, 1;>rotein concentration should decrease less rapIdly along the length of the proximal tubule, result~ng in increased net sodium and water reabsorptIon (Lewy and Windhager ~968). The.exact in~er relationship of the varIOUS operatIve phYSIcal factors and their importance in controlling sodium reabsorption and maintaining sodium balance is still uncertain.
Other factors which have been incriminated in the control of sodium reabsorption rate in the proximal tubule include the glomerular fil~ration rate (Pitts and Duggan 1950) , tubular flUld flow rate (Kelman 1962) , tubular diameter and volume (Rector, Brunner and Seldin 1966) angiotensin (Leyssac 1967) and serum sodium concentration (Goldsmith, Rector and Seldin 1962) .
SITE AND MECHANISMS OF REABSORPTION ALONG THE NEPHRON
The Proximal Convoluted T~tbule Under normal conditions, approximately 60-70% of filtered sodium is re absorbed in the proximal tubule. Although all proximal reabsorption is isotonic, the composition of the tubular fluid changes along the length of the proximal tubule. In particular, active reabsorption of bicarbonate occurs early in ~he proximal tubule by a process of hydrogen IOn secretion.
Since fractional bicarbonate reabsorption exceeds fractional water reabsorption, the bicarbonate concentration in the tubular fluid falls. In consequence, the chloride concentration in the proximal tubular fluid rises above plasma levels, achieving values of 130-140 mmol/litre towards the end of the proximal tubule.
A series of early micropuncture studies in the rat demonstrated that the transepithelial potential difference (PD) of the proximal tubule was approximately -20m V, lumen negative (Solomon 1957 , Clapp, Rector and Seldin 1962 , Bloomer, Rector and Seldin 1963 , Kashgarian et al. 1963 , Marsh and Solomon 1964 . Since there is normally no transepithelial concentration gradient for sodium in the proximal tubule, this large negative PD indicated that proximal sodium reabsorption must occur via an active transport process. More recent studies using revised techniques for electrophysiological measurement suggest that these earlier PD measurements were incorrect. It has now been demonstrated that a potential profile exists along the proximal tubule. Early segments appear to possess a small negative PD, of the order of -1 to -6mV (Kokko 1973 , Barratt et al. 1974 , Fr6mter and Gessner 1974 , Seely and Chirito 1975 ) generated by sodium-coupled glucose and amino acid reabsorption, whereas later segments have a small positive PD of approximately + 1·5m V, representing a passive chloride diffusion potential. The finding of a small positive PD along the major portion of the proximal tubule under control conditions suggests that a fraction of sodium reabsorption in this nephron segment could occur by a purely passive process with sodium ions moving down a favourable electrical gradient generated by passive chloride diffusion (Barratt et al. 1974 ). This possibility is presently hotly debated (Cardinal et al. 1975, Neumann and Rector 1976) and awaits further experimental clarification.
The Ascending Limb of Henle's Loop
Approximately 20-30% of filtered sodium is reabsorbed along this segment. The mechanism of sodium reabsorption in the thin portion of the ascending limb is currently a contentious issue. Some believe that sodium may be reabsorbed passively in this segment with sodium ions diffusing from lumen to interstitium down a favourable electrochemical gradient Kokko 1974, Marsh and l\Iartin 1975) . Others regard active sodium transport in the thin ascending limb as a more likely proposition (Windhager 1964, Marsh and Azen 1975) . Whatever the mechanism in the thin ascending limb, the operation of the countercurrent mechanism in the renal medulla depends critically upon the active transport of solute, principally sodium chloride, out of the water-impermeable thick ascending limb. Until recently it was assumed that sodium ions were actively pumped out of this segment. However, using the technique of in-vitro perfusion of isolated segments of rabbit nephron, Rocha and Kokko (1973) and Burg and Green (1973) have demonstrated Na-K ATP'ase dependent active chloride transport in the thick ascending limb with sodium reabsorption occurring in large part by passive movement down a favourable electrical gradient.
The active chloride transport in this segment has been shown to be inhibited by oubain, ethacrynic acid and frusemide (Burg and Green 1973) . Although these data have changed previous concepts of the precise mechanism by which sodium is reabsorbed in the thick ascending limb, they have not changed the overall result, namely, that sodium chloride must be actively pumped out of this segment to sustain a functional countercurrent multiplication system.
The Distal Convoluted Tubule
The distal convoluted tubule has been defined as that portion of nephron included between the macula densa and the first branching with another tubule. Recent studies indicate that, at least two functionally and morphologically distinct segments exist within this portion of the nephron (Woodhall and Tisher 1973 , Barratt et al. 1975 , Morel, Charbades and Imbert 1976 . Furthermore, there appears to be considerable variation between species (Barratt et al. 1975 , Gross, Imai and Kokko 1975 , Gross and Kokko 1977 and even between strains of the same species (Woodhall and Tisher 1973) with regard to the precise structure and function of the distal convoluted tubule. In general terms, it appears that the early portion of the segment can be regarded as true distal tubule whereas the latter portion represents the beginning of the cortical collecting duct. Recognition of this division within the so-called distal convoluted tubule is important because of the marked functional differences between the two portions. For example, the true distal tubule appears capable of active sodium reabsorption but is independent of the action of aldosterone whereas the cortical collecting duct appears to be an aldosterone-dependent sodium-rea bsorbing segment (Gross and Kokko 1977) .
Micropuncture studies have demonstrated that under control conditions, approximately 5-10% of filtered sodium is reabsorbed along the " distal tubule". Sodium is actively re absorbed in this segment either in association with the reabsorption of a permeant anion, principally chloride, or in exchange for the secretion of hydrogen or potassium ions. This latter process appears to be regulated by aldosterone, which thus enhances sodium reabsorption while increasing potassium and hydrogen ion excretion.
The Collecting Duct
The collecting duct is divided into both a cortical and medullary portion. Recent studies suggest that both of these portions function rather similarly, particularly with regard to sodium and water movement (Kokko and Tisher 1976, Jacobson et al. 1976 ) and in response to the two hormones, aldosterone (Uhlich, Baldamus and Ullrich 1969, Gxoss and Kokko 1977) and antidiuretic hormone (Kokko and Tisher 1976) .
The amount of sodium reabsorbed along the collecting duct is extremely variable and depends upon the sodium status of the animal or subject. Under situations of salt depletion requiring conservation of salt, the collecting duct appears capable of intense sodium reabsorption whereas under situations of salt overload requiring a natriuresis, the collecting duct is capable not only of rejection of the sodium delivered to it, but probably also of sodium secretion. The paramount importance of the collecting duct in the fine regulation of sodium balance and urinary sodium output has only recently been recognized and has been carefully reviewed by Stein and Reineck (1974) . CLI~ICAL 
PROBLEMS OF SALT BALANCE
Clinical problems of salt balance may relate to either extracellular volume overload or extracellular volume depletion.
A l1aesi1zcsia and Intensive Care. Vol. V, No. 4. November. 1977 
A. Extracellular Volume Overload 1. Congestive Cardiac Failure
Marked retention of sodium and expansion of extracellular volume may occur in decompensated congestive. car~iac fai.l~re (CCF). The low cardiac output III thIS condItIon results in a reduced distending pressure within the systemic arterial tree.
This redu~tion in distending pressure has been equated wIth a fall in the theoretical "effective arterial blood volume". The patient with CCF thus behaves as though he were volume depleted exhibiting avid salt and water retention (Cannon 1977) .
Many factors contribute to this abnormal salt and water retention: (a) Reduction in Renal Blood Flow and Glomerular Filtration Rate
The reduced arterial distending pressure in CCF is sensed by the carotid sinus and possibly by other arter~al re~eptors resulting in increased sympathetIc actIvIty. Amongst many effects, the increased sYn::p~thet~c tone leads to peripheral vasoconstnctIOn, ~nclud ing vasoconstriction within the kId~eys. Renal blood flow is thereby reduced wIth a lesser decrease in GFR, implying constriction affecting predominantly the efferent arterioles. The renin-angiotensin system is also stimulated early in CCF, probably as the result of the decreased effective arterial blood volume, changes in arterial distension and increased sympathetic activity (Watkins, Burton and Haber 1976) . Increased circulating and intrarenal levels of angiotensin II may thus further contribute to the degree of renal vasoconstriction with reduction in renal blood flow and G FR.
(b) Increased Tubular Reabsorption of Sodium and Water
Undoubtedly, increased tubular reabsorption of sodium and water occurs in decompensated CCF but the I?recise nephr~n segments and mechanisms Illvolved remaIll undetermined.
The "physical factors" theory offers an attractive explanation for increased proximal reabsorption since the i~creased filtration fraction of CCF would Illcrease peritubular capillary oncotic pressure while efferent arteriolar constriction would theoretically decrease peritubular capillary hydrostatic pressure. Both of these changes, according to "physical factors" theory should lead to enhanced proximal reabsorption.
Apart from these. theor~tical increase~ in proximal reabsorptIOn, Illcre~ed . sodIUm reabsorption by the ascendmg 11mb of Henle's loop in CCF has been demonstrated in several clearance and micropuncture studies (Levy 1972, Stumpe, Salle and Klein 1973) .
Furthermore, since aldosterone secretion is increased in CCF, presumably due to stimulation by elevated levels of angiotensin II, (Watkins et al. 1976 ), increased distal sodium reabsorption also occurs.
Apart from aldosterone, variations in the level of other hormones may play a role in the abnormal salt and water retention of CCF. Such hormones include the nebulous natriuretic hormone, catecholamines, angiotensin II, prostaglandins, kinins and ADH. (c) Intrarenal Redistribution of Blood Flow I t has been suggested that the mammalian kidney possesses two different populations of nephrons: superficial nephrons with short loops of Henle and a low capacity for sodium reabsorption and deep or juxtamedullary nephrons with long loops of Henle and a high capacity for sodium reabsorption (Goodyer and ]aeger 1955, Horster and Thurau 1968) . Using the Xenon washout and autoradiographic techniques, it has been demonstrated that in CCF a redistribution of intrarenal blood flow from superficial to deep cortex occurs (Barger 1966, Kilcoy~e, Schmidt and Cannon 1973), a change whIch theoretically might account for increased sodium reabsorption. More recent studies using alternative techniques for assessing intrarenal blood flow distribution have cast some doubt on the results of these earlier studies and also on the suggestion that deeper nephrons are more important in salt retention than are superficial nephrons (Barratt et al. 1973 , Stein et al. 1973 .
Present evidence indicates that the major factor in the abnormal salt retention of CCF is increased tubular reabsorption of sodium but the sites and mechanisms of this effect remain largely undefined.
The management of low output cardiac failure should be aimed primarily at improving cardiac outpu~. by. corre~t~ng arrhythmias and/or admmIstenng pOSItIve inotropic agents such as digitalis. High output cardiac failure may be cured or improved by treating the causative factor such ~s anaemia, arterio-venous fistula, thyrotOXIcosis or thiamine deficiency. Persisting problems of abnormal salt and water retention despite optimal measures to improve cardiac function should be managed by salt and sometimes water restriction plus diuretics. Thiazide diuretics, with potassium supplementation, are sufficient for mild cases. Severe resistant oedema may require treatment with more powerful diuretics such as frusemide, often in large doses and often used in association with distally-acting natriuretic agents such as Spironolactone or Amiloride.
Non-Cardiac Pulmonary Oedema (Adult Respiratory Distress Syndrome)
Fluid transfer across a capillary wall is determined by the balance of Starling forces (Hydrostatic pressure difference minus oncotic pressure difference) acting across it and by its permeability. In left heart failure, pulmonary oedema occurs principally because of elevated pulmonary capillary hydrostatic pressures arising from an elevated left atrial pressure. In recent years, a number of conditions have been recognized in which severe pulmonary oedema occurs despite a normal or low left atrial hydrostatic pressure and a normal plasma oncotic pressure (Visscher, l\laddy and Stephens Hlf)6). These conditions comprise the Adult Respiratory Distress Syndrome and the defect leading to pulmonary oedema appears to he an increase in the permeability of the pulmonary capillary wall to fluid and solute movement (Ash baugh, Bigelow and Petty 1967, Petty and Ashbaugh 1971) . In some situations, an associated increase in pulmonary artery pressure may occur (Roy ct al. 1969) .
The syndrome characteristically occurs 24 to 48 hour's after the onset of serious injury or illness and is associated with severe dyspnoea, tachypnoea, cyanosis and hypoxaemia. The lungs become very stiff, producing the so-called "stiff lung" state. Mechanisms proposed to explain the increased lung capillary permeability include endotoxic damage (.McLean, Duff and MacLean J 968), impaired production or inactivation of surfactant (Hanison et al. 1969) , disseminated intravascular coagulation (Hardaway et al. 1967) , histamine release by mast cells (Wilson 1974) , sympathetic nervous activity and catecholamines (Beckman, Mason and Bean 1974) , oxygen toxicity (Nash, Blennerhassett and Pontoppidan 1967) altered renin-angiotensin activity (Anderson, Datta and Samols 1976) and perhaps the effect of other locally produced chemicals such as serotonin and bradykinin (Lauweryns et al. 1974) .
Non-cardiogenic pulmonary oedema has been described in numerous clinical conditions including septic shock (Riordan and Walters 1968, Robbin et al. 1972) , severe trauma (Gomez 1968 ), post cardio-pulmonary bypass (Osborn et al. J962) , high altitudes (Roy et al. 1969) , anaphyllaxis (Hanzlik and Karsner ] 924), heroin overdosage (Gopinathan et al. 1970) , fat embolism (Ashbaugh and Petty 1966) , head injury (Weisman 1939, Beckman and Bean 1970) , aspiration and viral pneumonia (Ashbaugh et al. lH69 ) and prolonged mechanical ventilation (Sladen, Laver and Pontoppidan 1968) .
Management includes that of the underlying condition, attempts to improve oxygenation usually by continuous positive-pressure breathing, high dose corticosteroids and avoidance of overhydration (Ashbaugh et al. ] 969). Unless the primary condition is readily amenable to therapy, the overall prognosis of the adult respiratory distress syndrome is grave. :3. Nephrotic Syndrome By definition, oedema is an integral part of the clinical nephrotic syndrome. The primary defect in this disorder is a massive loss of protein in the urine which in an adult always exceeds 4 g per 24 hours. Synthesis of prote'in is insufficient to cope with this loss and serum protein levels fall with a consequent reduction in serum oncotic pressure. The low oncotic pressure produces an imbalance of pressure forces across capillary membranes resulting in fluid shifts from the intravascular to the interstitial space, thereby initiating oedema formation. Because of this shift, the intravascular space becomes depleted of volume, thus triggering the various receptors and mechanisms for renal salt retention. Unfortunately the retained salt and water soon finds its way into the interstitial tissue due to the persisting low plasma oncotic pressure. The stimulus to continuing renal salt and water retention leading to increasing peripheral oedema is thus preserved. Renal sites and mechanisms responsible for the avid salt and water retention of nephrotic syndrome are as poorly understood as those of CCF.
Management 
Hepatic Cirrhosis
A number of factors contribute to the oedema frequently seen with cirrhosis of the liver (Sherlock and Shaldon 1963) . The most prominent fluid accumulation usually occurs intraperitoneally in the form of ascites and is initiated by transudation of fluid from congested lymphatics on the surface of the liver. Continuing loss of fluid into the abdominal cavity may produce intravascular volume depletion with stimulation of mechanisms for renal salt and water retention. Aldosterone secretion rate is certainly increased in decompensated hepatic cirrhosis and further elevation of plasma levels of this hormone may occur because of reduced degradation by the failing liver.
Hypoalbuminaemia is usual in severe cirrhosis and contributes to transudation of fluid into the interstitial compartment at the expense of intravascular volume.
Other factors which may contribute to continuing salt and water retention include hepatic vein obstruction, inferior vena caval obstruction due to tense ascites with consequent decreased venous return and cardiac output, myocardial disease due to alcohol and/or poor nutritional status and high output cardiac failure secondary to abnormal vascular anastomoses in liver and lungs.
Management of cirrhotic oedema includes: (a) Removal of factors contributing to the primary liver disease, e.g. alcohol or other toxic substances. (b) Improving nutrition. (c) Salt and water restriction. (d) Diuretics-using a regime that frequently includes both a loop-acting and distallyacting diuretic. (e) Drainage and re-infusion of ascitic fluid has been advocated by some as a useful manoeuvre when other measures fail (Eknoyan et al. 1970 ). (f) Appropriate treatment of any co-existent cardiac failure.
Idiopathic oedema
This relatively common, and interesting condition which occurs principally in women has so far defied a completely adequate explanation. The condition is associated with fluid retention which occurs predominantly when the subject is ambulant. In addition to swelling of the legs, symptoms relating to finger, face, breast and abdominal swelling are common. Usual associated problems include headache, depression, irritability, dyspareunia, frigidity, easy fatigue, anorexia and nausea. Diuresis tends to occur at night when the subject is recumbent, thus producing nocturia with associated sleep disturbance. The primary defect providing the stimulus to abnormal salt and water retention is unknown but according to most popular theory may be an increase in capillary wall permeability leading to augmented transudation of fluid into interstitial tissues with resulting intravascular volume depletion. Exaggerated increases in renin and aldosterone levels in response to upright posture have been well documented in this condition (Kuchel et al. 1970) . Other factors implicated in the aetiology or mechanism of idiopathic oedema include hypoalbuminaemia due to abnormal albumin metabolism (Gill, Waldmann and Bartter 1972) , elevated oestrogen levels (Kuchel et al. 1970) , Iow progesterone levels (Kuchel et al. 1970, Landau and Lugibihl 1958) , disguised CCF (Obeid et al. 1974) , increased sympathetic activity and/or response (Gill et al. 1972) , paradoxical response to diuretics (MacGregor, Tasker and De Wardener 1975) , and nephroptosis (Ginn and Parry 1964, Donaldson, Doig and Knight 1967) .
Therapy is difficult but includes: (a) Reassurance that no serious underlying disorder exist plus a simple explanation of the probable mechanisms producing the condition. (b) Salt and water restriction. (c) Encouragement to observe rest periods during the day. (d) Diuretics, which some believe are contraindicated (MacGregor et al. 1975 ). The distally-acting diuretics are said to be specifically useful in this condition but in my experience have no particular advantage over more proximally-acting drugs. Frequently, a combination of different types of diuretics is necessary with patients insisting upon regular dosage adjustments in order to achieve a satisfactory diuresis. Over-diuresis producing intravascular volume depletion with postural hypotension, nausea and cramps is not uncom-mono Patients must often be persuaded to accept a degree of oedema in order to avoid these symptoms.
B. Clinical Situations of Extracellular Volume Depletion
Marked acute volume losses can occur as the result of haemorrhage, vomiting, diarrhoea, bowel fistulae, polyuria, sweating, skin exfoliation and burns. In these situations the site of fluid loss is usually obvious. Acute extracellular volume depletion may however commonly occur when the source of fluid loss is disguised, as, for example, in intracavity bleeding or intestinal obstruction-either mechanical or due to ileus. Severe acute volume depletion leads to circulatory collapse, a condition demanding rapid replacement of volume.
Chronic salt depletion, which occurs not uncommonly in various salt-wasting renal disorders, is manifested by postural hypotension, cramps, anorexia, nausea, vomiting and pigmentation. Early recognition of this symptom complex followed by restoration of salt balance is most important in order to correct renal hypoperfusion and restore renal function.
Fluids administered to patients with extracellular volume depletion should by and large aim to replace that which has been lost. Thus blood loss should be replaced by blood, plasma loss, as for example in patients with severe burns, should be replaced by protein-containing solutions while salt and water loss should be replaced by appropriate crystalloid solutions.
